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ART. XLVII.-On Secondary enlargements of Feldspar frag. 
ments in certain Keweenawan sarldstones; by C. A. VANHISE. 
RECENT observations by Sorby,·x- Irving,t and other~<1: have 
shown the occurrence in sands and sandstones, and even in the 
most indurated quartzites, of a se(;ondary quartz, so placed upon 
each one of the original grains of quartz as to be crystallograph. 
ically continuous with it. 'rhi" occurrence and the explanation 
afforded by it of the change of a sandstone to a quartzite, nat· 
OJ'ally lead the lithologist to query whether si milar enlart,;ements 
may not occur in the cases of other minerals found as particles 
in rocks of fragmental origin, and thus still further light be 
thrown upon the origin of some of the crystalline schists. 
Bonney, for instance, in speaking of certain of the crystalline 
rocks of Cornwall, England, conjectures the possibility of sllch 
occurrences in the following words§ "These larger feldspar 
grains, for instance, may have as their nuclei feldspar grains 
which were original constituents, and may have survived the 
dissolution of the finer sedimentary materials in which they 
were imbedded. Then in the process of re·constitution, feld· 
spar (not perhaps always of the same species) may have been 
added to feld;;par, quartz to quartz, mica to mica and horn-
blende to hornblende or altered augite." 
Of the minerals mentioned by Bonney, quartz and the feld· 
spars, because of their abundance, are evidently by far the most 
important. For some time past, during my microscopic studies, 
I have been on the outlook for evidences of the existence of 
enlargements of feldspar fragments. In the slate conglomerates 
of the north shore of Lake Huron, I have found w hat seem to 
be enlarged feldspar grains, but the evidellce that any of the 
material is of' secondary origin is not sufficiently satisfactory, the 
lines of separation between the supposed new material and the 
nuclei being ill marked. However, I have found what seem 
certainly to be additions to grains of that mineral, in certain of 
the Keweenawan feldspathic sandstolles. The specimens in 
which these supposed enlargemellls were first found are taken 
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from those portions of the sandstones almost in contact with 
overlying basic eruptives. This location is evidently a favor. 
able ?ne for the de.velopment of such elllargements, the heated 
alkahne waters whICh would naturally descend from the over-
lying lavas supplying appropriate conditions. Then too, quartz 
enlargements when most easily found, are shown by lines of 
:errite about the .lluclei, ,and are ordinarily best seen in the less 
ll1dur~ted quartzites. '1 he Keweenawan sandstones are highly 
ferruglllOUs, and are of an open texture; hence, if among them 
feldspars have taken new growths, the conditions for their de-
tection are favorable. 
1. 
FiO'. I. Part of section 0[' sandstone from Eagle I-Inrbor, Mich., x 100; in polar. 
Ized light. AAA, fragments, each from a sini(le feldspar individual; aaa, 
films of iron oxide Oil the borders of the original gm ins; B BB, secondary 
enlargement of the original grains; G, quartz grains; DD, unfilled spaces; 
EE. secondary feldspar grains polarizing independently of the original grains. 
The feldspathic sandstone immediately underlying the dia-
base of Eagle Harbor, Michigan, is of a uniform medium grain, 
a magnifying glass showing but little quartz. The feldspar 
grains are stained red with iron oxide. Hydrochloric acid gives 
'With the powder a slight effervescence. In thin section the 
sandstone is seen to be composed largely of grains of different 
feldspars, next to which in abundance are rounded complex 
fragments derived from a granitic porphyry/ consisting of 
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feldspars penetrated by a saturating quartz. Next in order of 
abundance are complex fragments of some altered basic rocks. 
Finally a few grains of quartz and a little secondary calcite are 
noted. 
'l'he feldspars are frequently somewhat kaolinized, but most 
of the grains are fresh enough to give quite uniform colors in 
polarized light, and, in the case of the plagioclases, well de· 
fined twinning bands .. The grains are all rounded, their 
boundaries being mal'ked by broad lines of ferrite. However 
some su bseq nent mi neral has used these grains as nuclei, about 
which to deposit, and now each individual appears in the 
polarized light to extend beyond its original limits. These 
newly formed borders, as compared with the interiors, are dif· 
ferent, in that they show no decomposition, and are freer from 
iron staius. When the borders from different feldspathic 
grains have extended so far as to come in contact, as they 
usually have done, they form sharply serrate, nicely fitting 
junctions, which are roughly comparable to the suture of a 
skull (fig. 1.) 
2. 3. 
Fig. 2. In polarized light: x Ion. Plagioclase from Eagle Harbor sandstone, 
showing crystallographic continuity of original grain and secondary enlarge-
ment. 
Fig. 3. In polarized light; x 100. Fragment of a grain of a granitic porphyry 
from Eagle Harbor sandstone. 
This newly added material appears to be feldspar which has 
cotirdinated crystallographically with the gl'ains about which 
it has deposited. It possesses no optical properties which 
would exclude that mineral, but cleavage and decomposition 
being absent, no comparison with the feldspars can be made 
as to those characteristic features. The belief that the new 
material is feldspar is, however, supported by the following 
facts. 
When the enlarged feldf'lpar is orthoclase, the deposited sub-
stance p01ari7,cs uniformly with the nncleus about which it is 
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seen (fig. 1), exactly as quartz enlargements polarize with the 
grains on which they have gl'Own. Further, when plagioclase 
is enlar'ged, as it frequently ii'l, the !lew material has twinned 
uniformly with the old, the twinning bands in polarized light 
running continuollsly across cores and the add.·d borders (fig. 
2). Tlris pheno[lI<;non was observed in many difterelJt grains 
and in different sections. 
Again, the complex fragments above mentioned as derived 
from a granitic pOI'phyl'y, and as containing qnartz and feld-
spar, often hu ve borders of new material and the adde(] por-
tions resemble, and usually polarize with, the feklspars instead 
of with the q nartz, with which they would natumlly coordi-
nate, if with either, were they composed of silica. Frequently 
the exteriors of this class of grains are apparently all of feld-
spar, even when a third or more of the edges of the original 
fragments (and in some places for considerable spaces con-
tinnol)sly) are of quartz (fig. 3). The grain figured consists 
of part of a single, orthoclase individual, including several 
areas of quartz. Tile sccondary enlargement polarizes with 
the feldspar throughout its area. 
4. 
Fig. 4. In polarized light; x 100. Part of section of Eagle Harbor sandstone. 
showing an orthoclase fragment broken and rc-cemented by a secondary 
material crystallogmphically continuous with the original fragment amI with 
the border of newly deposited material. 
FinalI.Y, the complex basic fragments also have their borders 
of new material. These basic grains are often very feldspathic, 
the feldspar individuals being, however, small. Here an en-
largement instead of being a unit, as it commonly is in the pre-
cedinO' cases, consists of several Ol' many individuals. The 
feldspars at the edge of the nucleus have ordinaril'y controlled 
tbe new growth, so that the new mat(·rial polarizes in parts 
with the old interior grains. rrhese parts have, however, often 
extended upon each side be'yond the adjacent feldspars, and 
thus at times overlapped other feldspars-whose conditions 
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were less favorable for renewed growth-or other minerals, if 
such chanced to be in contact witb the division line between 
tbe clastic fragment and its border of new material. 
The change which has taken place in one grain of orthoclase 
is of some interest. The grain has been broken into two parts, 
whicb bave spread somewhat, and is now cemented with a new 
material which extinguishes with tbe original fragments, and 
also with the exterior second gmwth, with which it is continu-
ous in one place (fig. 4). . 
In some cases the new material deposited on a grain, instead 
of continuing as a single individual until it meets a similar 
growth from another grain has crystallized independently in 
small interlocking grains (fig. 1). Tbis independent feldspar 
(if we are correct in so c<;>nsidering it) is more plentiful about 
the basic fragments than about the feldspar grains or those of 
the granitic porphyry. 
Uncovered thin sections were prepared and the supposed 
feldspar enlargements tested-so far as practicable--as to bard-
ness witb a needle and as to solubility in hydrochloric acid. 
With difficulty some of them were scratched, and they were 
not affected by tbe acid. The results of these tests accord 
well with the idea tbat tbe borders are feldspars, and sbow tbat 
they cannot be a carbonate. 
Most of the sections of tbe Eagle Harbor sandstones also 
sbow quartz enlargements, but in one none were seen. 
This same secondary material has been found in otber sand-
stones in the Keweenawan series, and in two cases the sand-
stone directly underlies "greenstone." Descri ptions of these, 
however, will not be given, as tbey furnish no additional points 
of interest. 
